Background: This study aimed to investigate how parental and peer variables are associated with moderate-to-vigorous intensity physical activity (MVPA) on week-and weekend days among Australian adolescents (13-15y), and whether perceived internal barriers (e.g. lack of time), external barriers (e.g. lack of others to be physically active with) and self-efficacy mediated these associations. Methods: Cross-sectional data were drawn from the Health, Eating and Play Study, conducted in Melbourne, Australia. Adolescents (mean age = 14.11 ± 0.59 years, 51% girls) and one of their parents completed a questionnaire and adolescents wore an ActiGraph accelerometer for a week (n = 134). Mediating effects of perceived barriers and self-efficacy were tested using MacKinnon's product-of-coefficients test based on multilevel linear regression analyses. Results: Parental logistic support was positively related to MVPA on weekdays (τ = 0.035) and weekend days (τ = 0.078), peer interest (τ =0.036) was positively related to MVPA on weekdays, and parental control (τ = −0.056) and parental concern (τ = −0.180) were inversely related to MVPA on weekdays. Internal barriers significantly mediated the association between parental logistic support and MVPA on weekdays (42.9% proportion mediated). Self-efficacy and external barriers did not mediate any association. Conclusions: Interventions aiming to increase adolescents' MVPA should involve parents, as parental support may influence MVPA on weekdays by reducing adolescents' perceived internal barriers. Longitudinal and experimental research is needed to confirm these findings and to investigate other personal mediators.
Background
Physical activity (PA) is important for adolescents' physical and mental health, and is acknowledged as an important target in obesity prevention [1, 2] . Accordingly, it is recommended for adolescents to participate in at least 60 minutes of moderate-to-vigorous PA (MVPA) per day [2] . However, more than 75% of adolescents fail to meet MVPA guidelines [3, 4] , suggesting the need for continuous efforts to increase adolescents' MVPA. To develop effective interventions, an essential step is to identify factors associated with adolescents' MVPA. This step requires the application and evaluation of a theoretical approach to gain a clear understanding of factors related to health behaviour [5] . The socio-ecological model [6] and the Environmental Research framework for weight Gain prevention or the EnRG framework [7] both integrate personal factors with environmental factors to understand why individuals perform (un)healthy behaviours.
There is evidence that both parents and peers influence adolescents' PA [8] [9] [10] . Parents have a strong influence on their child's behaviour from early childhood and continue to be influential when their children reach adolescence; however the influence of peers is believed to increase with age [11] . There are several means through which parents and peers can have an impact on adolescents' PA, such as through encouragement [12, 13] , logistic support [13] , and modeling [14] [15] [16] . Thus, it is important to consider the role of both parents and peers as influences on adolescents' PA.
Further, according to the socio-ecological model [6] and the EnRG framework [7] , these parental and peer variables can directly influence health behaviour via 'automatic' pathways when people spontaneously engage in a particular behaviour or indirectly via adolescents' personal or individual-level factors. Investigating the mediating effect of personal factors on how parents and peers influence PA enables an in-depth insight into the process that may underlie adolescents' behaviour and has been receiving growing attention in recent literature [5] . Two important personal or individuallevel factors are perceived barriers to PA and self-efficacy [17, 18] which may be developed and/or reinforced by parents and peers [19] .
Self-efficacy represents a belief in one's capability to engage in PA under challenging conditions or situations, and has been identified as a strong correlate of adolescents' PA [20, 21] . Several studies have demonstrated a mediating effect of self-efficacy on associations between the family environment and the consumption of sugarsweetened beverages [22] and fruit [23] , and between the perceived physical environment and PA [8, 24] among adolescents. Perceived barriers to PA (e.g. lack of time because of homework and other scheduled activities, lack of interest in PA) have been shown to be related to adolescents' PA [20] , but have received less attention as potential mediators of associations between environmental factors and PA. Only one previous study has identified perceived barriers as a mediator of the association between parental social support and PA among US adolescent girls [18] . Thus, limited research has examined the mediating role of self-efficacy or perceived barriers on associations between parental or peer variables and PA. Investigating potential mediators will inform future interventions aimed at promoting adolescents' MVPA on the potential mechanisms of behaviour change.
Therefore, the aim of this study was to examine associations between parental and peer variables and MVPA on week-and weekend days, and the potential mediating effect of perceived barriers (e.g. lack of time, lack of others to be physically active with,…) and self-efficacy on these associations among Australian adolescents, aged 13-15 years. Given that adolescents' MVPA levels differ between week-and weekend days, factors related to MVPA may also differ [25, 26] .
Methods

Procedure
Cross-sectional data presented in this paper were drawn from the first follow-up (2006, T2) of the older cohort within the Health, Eating and Play Study (HEAPS), as the focus of this paper was on adolescents [27] [28] [29] . At baseline in 2002/2003 (T1), stratified random sampling proportionate to school size (enrolments > 200) in low, middle and high socio-economic status areas were used to select elementary schools from greater Melbourne, Australia. In total, 24 of the 39 elementary schools approached agreed to participate. All children in Grade Prep (i.e. first year of elementary school) were invited to participate (younger cohort). In 17 of the 24 schools, children in the 5th and 6th grade were also invited to participate (older cohort). In total, 947 older children (mean age = 11.2y) participated in T1 and parents of 474 of these children agreed to be re-contacted for further follow-up measures. At T2, those older children (now aged 13-15y) and their parents were invited to participate in a follow-up of which 200 provided written parental consent (42%). An adolescent and parental questionnaire was mailed to participants and adolescents were also asked to wear an accelerometer for eight consecutive days (167 agreed). In total, complete adolescent and parental questionnaire and accelerometer data were collected from 134 adolescents (67%) at T2. Those who were followed up had a higher level of maternal education (45% vs. 33% high education, p < 0.05) and weekend MVPA (65.1 vs. 55.6 mins/day, p < 0.05) than the remainder of the baseline sample. Approval was provided by the Deakin University Human Research Ethics Committee, the Victorian Department of Education and Training and the Catholic Education Office.
Measures
Demographic variables. The parental questionnaire assessed highest level of maternal education and parental age. Maternal education was collapsed into three categories: low (did not complete high school), medium (high school or technical or trade certificate) or high (University or tertiary qualification). The adolescent questionnaire assessed adolescents' age and sex. Parental and peer variables. Five parental constructs were assessed in the parent questionnaire: (a) parental co-participation in PA, (b) parental logistic support for PA (included two items; Cronbach's alpha = 0.90), (c) parental praise of PA, (d) parental control of PA (included four items; Cronbach's alpha = 0.46), and (e) parental concern about PA ( Table 1) . Four peer constructs were assessed in the adolescent questionnaire: (a) peer modeling of PA, (b) peer enjoyment of PA, (c) peer interest in PA, and (d) peer encouragement of PA (Table 1) . Parental co-participation, parental logistic support, parental praise and all peer constructs were adapted from a reliable parent and peer support scale [30] , that was already used in previous studies [30, 31] . Parental control and parental concern were adapted Parental co-participation in PA; adapted from [31] Thinking about the past few months, how often did you and/or the co-carer do the following things together with your child? 1 = Never or rarely; 2 = Less than once/week; 3 = Once a week; 4 = About 2-3 times/week; 5 = About 4-6 times/week; 6 = Every day -I/we did physical activity, sport or exercise together with the child Parental logistic support for PA; adapted from [31] Mean value of two items (Cronbach's alpha = 0.90): 1 = Never or rarely; 2 = Less than once/week; 3 = Once a week; 4 = About 2-3 times/week; 5 = About 4-6 times/week; 6 = Every day; 7 = Doesn't apply a Thinking about the past few months, how often were the following true?
-The co-carer or I took the child to sports training/lessons -The child did sport or physical activity that the co-carer or I provided money for Parental praise of PA; adapted from [31] Thinking about the past few months, how often was the following true? Table 1 ). The mean value of nine items was used to measure self-efficacy (Cronbach's alpha = 0.84). These items were adapted from the SelfEfficacy scale that was based on the Social Cognitive Theory [33] and was used in a questionnaire to measure psychosocial determinants of adolescents' behaviour [34] . A higher mean value represents more self-efficacy to overcome barriers. Twelve items assessed adolescents' perceived barriers to PA. These items were adapted to the adolescent population from the Pilot Survey of the fitness of Australians [35] . Exploratory factor analyses revealed two factors, with a total variance explained of 52.5%. Seven items loaded on the first factor which could be labeled as the perception of 'internal barriers' (Cronbach's alpha = 0.87). Four items loaded on the second factor which could be labeled as the perception of 'external barriers' (Cronbach's alpha = 0.66). One item ('I look funny when I am doing physical activity') did not load on either factor and was therefore not included in further analyses.
The mean values of responses to items within the two factors were calculated with higher mean values representing a stronger perception of internal or external barriers. Moderate-to-vigorous intensity physical activity. ActiGraph uniaxial accelerometers (model 7162) were used to objectively measure adolescents' MVPA on weekdays and weekend days, as these instruments have acceptable reliability and validity for use in this study population [36, 37] . Adolescents were instructed to wear the accelerometer for all waking hours, but to remove it during water-based activities. Selected epoch length was 60s and non-wear time was defined as periods of >20mins of consecutive zero counts. Adolescents with at least three valid weekdays (MVPA weekday) and one valid weekend day (MVPA weekend day), defined as a minimum of 8 h wear-time, were included in analyses. The age-specific cutpoints of Freedson [38] were used to estimate the time spent per day in moderate (4.0-5.9 Metabolic Equivalent of Tasks or METS) and vigorous (≥6 METS) PA [39] . Taking the age of a child into account when estimating moderate and vigorous PA is important because of the variation in oxygen consumption at rest and during submaximal exercise [40] . When using age-specific cut-points, older children in the sample have to reach a higher number of accelerometer counts to reach the threshold of 4 METS. Minutes per weekday and weekend day in MVPA were calculated by summing and averaging these values across valid days.
Statistical analyses
Linear regression analyses were conducted using SPSS version 22.0 (SPSS Inc., Chicago, IL, USA). Clustering at the school level was taken into account by conducting multi-level analyses. Skewed variables (MVPA on weekdays and weekend days, perceived internal/external barriers, parental concern, peer enjoyment, peer encouragement) were log-transformed to improve distributions. Because of their potential relationship with MVPA, maternal education and adolescents' sex were included as covariates in all analyses. Total accelerometer wear-time and days worn were included a-priori in all analyses involving MVPA outcomes.
The mediation analyses that are presented in Figure 1 , consisted of the following steps. Firstly, main associations between each parental or peer variable and adolescents' MVPA on weekdays and weekend days were examined (τ-coefficient). In the Results, we report the magnitude of the significant associations based on backtransformation of the log-transformed τ-coefficient. In the second stage, the mediating role of perceived internal/external barriers and self-efficacy was examined using the product-of-coefficients test of MacKinnon et al. [41] . This test includes the following steps: (1) estimation of the associations between each parental/peer variable and potential mediators (Action Theory test; α-coefficients or a-path); (2) estimation of the associations between the potential mediators and adolescents' MVPA on weekdays and weekend days (Conceptual Theory Test; β-coefficients or b-path), adjusting for the relevant parental/peer variable; and (3) calculation of the productof-coefficients (αβ), representing the mediated effect. Statistical significance of the mediated effect was estimated by dividing αβ by its standard error (SE). To calculate SE, the Sobel test was used: SE (αβ) = √(α 2 *SE (β) 2 + β 2 *SE (α)
2 ) [42] . The percentage mediating the association between parental/peer variables and adolescents' MVPA on weekdays and weekend days was calculated by dividing αβ by the τ-coefficient. Due to the small sample size, results close to significance (0.1 level) were indicated, along with significance at the p < 0.05 level.
Results Table 2 provides an overview of sample characteristics and descriptive statistics of variables.
Associations between parental and peer variables and MVPA (τ-coefficient)
Main effects for associations between parental/peer variables and MVPA are presented in Table 3 . For MVPA on weekdays, a significant positive association was found with parental logistic support and peer interest. For each one unit increase in parental logistic support and peer interest, mean MVPA changed by a factor of 1.08 and 1.09, respectively. A significant inverse association was found with parental control and concern. For each one unit increase in parental control and concern, mean MVPA changed by a factor of 0.88 and 0.66, respectively. For MVPA on weekend days, a significant positive association was found with parental logistic support. For each one unit increase in parental logistic support, mean MVPA changed by a factor of 1.20. Associations with parental praise and co-participation were close to significant and in a positive direction. For each one unit increase in parental praise and co-participation, mean MVPA changed by a factor of 1.15 and 1.19, respectively.
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Perceived external barriers Self-efficacy α-coefficients β-coefficients Figure 1 Mediation model of the association between parental and peer variables, personal variables (perceived internal and external barriers and self-efficacy) and adolescents' MVPA.
Associations between parental and peer variables and potential mediators (α-coefficients)
With the exception of parental co-participation, the majority of family/peer variables examined in this study were associated with the three potential mediators (p < 0.05; Table 4 ). Higher parental logistic support, peer interest in PA and parental praise were related to higher self-efficacy and the perception of less internal and external barriers. In contrast, higher parental control and parental concern were related to lower selfefficacy and the perception of more internal barriers. Higher parental concern was also related to the perception of more external barriers.
Associations between potential mediators and MVPA (β-coefficients)
The β-path was significant or close to significant (and inverse) for perceived internal barriers and MVPA on weekdays and weekend days ( Table 4 ). The β-path was inverse and close to significant for perceived external barriers and MVPA on weekdays and weekend days (all at p < 0.1 level). For all parent and peer variables, the β-path was not significantly associated between self-efficacy and MVPA on weekdays or weekend days.
Mediating effect of barriers and self-efficacy on the associations between parental and peer variables and MVPA (αβ-coefficients)
Perceived internal barriers significantly mediated the association between parental logistic support and MVPA on weekdays (Table 4) . Several close to significant mediating effects of perceived internal barriers were also found for the associations between parental control, parental concern and peer interest and MVPA on weekdays. Selfefficacy and perceived external barriers did not significantly mediate any association.
Discussion
This study aimed to investigate associations between parental and peer variables and adolescents' objectively measured mean MVPA on weekdays and weekend days and the possible mediating effect of perceived barriers and selfefficacy on these associations. The study found that, compared with the peer variables, a greater range of parental variables were associated with adolescents' MVPA, and that these parenting variables influence adolescents' MVPA on weekdays at least in part via perceived internal barriers such as lack of time and interest in PA. These findings have important practical implications for PA promotion among adolescents. It has, however, been demonstrated in previous research that peers become more important as children grow and mature into adolescence [11] . A plausible explanation for our results might relate to the urban environment in Australia, where average distances to secondary schools are over 3 km [43] and adolescents' independent mobility or the freedom to move around the neighbourhood without adult accompaniment is lower compared with other developed countries such as England [44] . Australian adolescents may therefore be more dependent on parental support to be physically active.
This study showed that parental logistic support was positively related to adolescents' MVPA on weekdays and weekend days. Parental praise and parental coparticipation were also both associated with adolescents' MVPA on weekend days, although the association only approached significance. Parents should be made aware of the importance of their ongoing support of their child's MVPA, even when their child becomes older and gains increased autonomy. This highlights the need for family-focused interventions to promote PA among adolescents, including strategies to increase parental support. This is especially the case for families who have reduced capacity to provide logistic support due, for example, to factors such as financial reasons, work patterns or time constraints. Davison and Jago [45] have suggested some strategies to facilitate the provision of logistic support, such as car-pooling to and from physical activities and organising social activities for parents while their child participates in sports activities. Other strategies to increase parental support include providing parents with suggestions on possible physical activities to do together with their child and encouraging sports clubs to inform and involve parents. Parents play an important supportive role, however, parental control and concern about their adolescents' PA levels were negatively related to MVPA on weekdays. This concurs with findings of another Australian study that reported an inverse association between parental restriction and weekday MVPA among adolescent girls [46] and suggests that the way in which parents support the activity of the adolescent is of great importance. This is consistent with studies investigating the impact of parenting styles and practices on adolescents' food consumption where it has been shown that parental control is associated with a less favourable food intake [47, 48] . Thus, it would be important for parents to support the adolescent in order to increase MVPA without being too controlling. However, as our analyses are cross-sectional, it is also possible that parents might have a higher concern and more control regarding their child's PA because their child is less physically active.
Regarding the peer variables, only peer interest in PA was related to adolescents' MVPA on weekdays. It is possible that during the week, adolescents are more likely to be physically active during school hours (e.g. during recess or lunch break) or immediately after school if their friends are interested in PA. None of the peer variables were significantly related to adolescents' MVPA on weekend days, which emphasises again the importance of parental variables as key correlates of adolescents' PA. Additional research is needed to examine the impact of parental and peer variables on adolescents' MVPA during specific periods (e.g. school hours vs. after school). According to the socio-ecological model [6] and the EnRG framework [7] , these parental and peer factors Analyses were adjusted for adolescents' sex, maternal education, total accelerometer wear-time and days worn; MVPA, moderate-to vigorous physical activity; SE, standard error; CI, confidence interval; † p < 0.1 (indicated in italic); *p < 0.05 (indicated in bold). Table 4 Mediation analyses for associations between parental and peer variables and MVPA on weekdays and weekend days MVPA on weekdays can directly influence MVPA or can be mediated by personal factors. Almost all parental/peer variables were strongly associated with the personal variables, suggesting that personal factors can be shaped or reinforced by parents and peers [19] . In this study, only the perception of internal barriers was able to (partly) explain associations between parental/ peer variables and MVPA on weekdays. The proportion of the associations explained by perceived internal barriers was high (up to 43%). These results suggest that if adolescents receive greater parental support (or if their closest friend is interested in PA), they may perceive fewer internal barriers to be physically active which may result in higher MVPA on weekdays. Although some results were close to significant, these findings suggest that parents may influence adolescents' MVPA both directly and indirectly through the internalization of barriers. Previous research has identified the perception of internal barriers such as lack of time as an important correlate of adolescents' PA [20] and this current study reinforces parents' influence on this perception. Furthermore, it is possible that perceptions of internal barriers as a personal factors or cognition persist with age, such that adolescents who internalise fewer personal barriers during adolescence as a result of positive PA parenting practices may continue to be more physically active than others once the direct influence of their parents decreases.
Interventions should therefore focus on helping parents to support their child's PA throughout youth to foster positive cognitions towards PA. Although our cross-sectional findings are in line with the theoretical EnRG-framework [7] , longitudinal research and especially experimental research are needed to confirm this hypothesis and to make causal inferences, particularly given that reverse causality between MVPA and internal barriers is plausible, whereby higher MVPA levels may lead to fewer perceived internal barriers. Although several studies have cited selfefficacy as a consistent correlate of youth PA [8, [20] [21] [22] [23] [24] , self-efficacy was not associated with adolescents' MVPA on weekdays or weekend days in the current study, and as such was not a mediator of the associations between parental and peer variables and adolescents' MVPA. Nevertheless, it has been argued that self-efficacy to overcome barriers might be more important for the initiation of PA, but that other forms of self-efficacy, such as self-regulatory efficacy, are more important for maintaining PA [8] .
The absence of significant mediating effects for two of the three potential mediators suggests that the parental or peer variables may have a direct, automatic influence on MVPA. More likely, however, is that consistent with the EnRG framework [7] , other personal variables not included Analyses were adjusted for adolescents' sex, maternal education, total accelerometer wear-time and days worn; β-path was adjusted for the independent variables; MVPA, moderate-to vigorous physical activity; SE, standard error; CI, confidence interval; † p < 0.1 (indicated in italic); *p < 0.05 (indicated in bold); **p < 0.01 (indicated in bold); ***p < 0.001 (indicated in bold).
in this study, such as perceived behavioural control, attitude and self-regulatory efficacy, might explain the association. Further research should include a range of other personal variables as mediators of associations between parental and peer factors and MVPA among adolescents.
A strength of this study is the effort to better understand the complexity of how parental and peer variables work together with personal factors to influence adolescents' MVPA, which is currently an important target in behavioural research [22] . Another strength is the use of accelerometers to provide an objective view of adolescent's MVPA levels. However, it could be argued whether or not data on one weekend day are sufficient to accurately estimate MVPA on weekend days. In the present study, 75% of adolescents had valid data on both weekend days. There are also other study limitations that need to be acknowledged. A first limitation is the use of single items to assess some of the parental and peer variables. Some items were combined to form particular constructs with high Cronbach's alpha values being reported for all constructs except for parental control. A second limitation is the small sample size, partly due to the large attrition between T1 and T2. An important reason for the large attrition rate was that the study was not initially set up as a prospective cohort study. The small sample size did not allow for stratification by sex. It is possible that parental and peer influences differ [11] and that associations may operate through different personal factors, depending on sex. Also, this may affect the generalizability of the results and the ability to detect significant associations. Finally, this study was based on cross-sectional data and stronger study designs are needed to confirm the direction of associations between parental, peer, personal and PA variables among adolescents. Longitudinal research has the ability to make causal statements, but the strongest study design is experimental research to determine if an increase in parental support causes an increase in PA levels among adolescents in the intervention group compared to the control group and if this association is mediated by a decrease in the adolescents' perception of internal barriers.
Conclusions
Parents appear to play a more important role (e.g. providing logistic support) than peers regarding adolescents' objectively measured MVPA on weekdays and weekend days. Parental support may also influence MVPA on weekdays by reducing adolescents' perception of internal barriers such as lack of time and interest. Interventions aiming to increase adolescents' MVPA should therefore include strategies directed to parents to help them support their adolescents' PA. Longitudinal and experimental studies with a large sample are needed to confirm these findings and to investigate other potential mediators of the association between parental/peer factors and adolescents' MVPA.
Abbreviations PA: Physical activity; MVPA: Moderate-to-vigorous physical activity; MET: Metabolic equivalent of task; SE: Standard error.
